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The compound semiconductor gallium nitride offers enormous potential for 
facilitating economic expansion in the silicon-based semiconductor industry, 
which is currently seeing decreasing performance returns compared to 
investment costs. Its high electron mobility and electric field strength at the 
material level have already demonstrated enormous potential for photonics 


and high-frequency communications applications. However, its application 
in devices used in the radiation-prone environment is hindered by 
Keywords: degradation and failure caused by the radiation. In this paper, the effect of 
proton radiation on the electrical properties of InGaN light emitting diodes 
> 2 ak (LEDs) for the fluence range of 1x10!4 cm? to 3x10!4 cm? is performed. On 
Indium gallium nitride comparing the results before and after radiation, it is found that radiation 
Light emitting diodes mainly affected the reverse IV characteristics of the device with little or no 
Proton effect on forward IV or CV characteristics. Apart from the electric 
Radiation properties, the optical properties of the LEDs show improvement after 
radiation as the light intensity increases post-irradiation. 
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1. INTRODUCTION 

Vast number of light emitting diodes (LEDs) are available today, each with unique light-emitting 
area structures, technical specifications, and performance characteristics [1]. Gas-discharge emitters or 
lightbulbs are successfully replaced by semiconductor light emitters, especially LEDs [2]. LEDs stand out 
among other sources due to their high efficiency, low inertia, and limited luminescence spectrum, in addition 
to their inexpensive cost, excellent mechanical strength, and lengthy service life [3]. One of the most 
significant sources of light in the visible spectrum that has been used in solid-state lighting applications is the 
InGaN based LED [4]. SiC and GaN, two wide bandgap semiconductors, are already marketted as power 
devices for the automotive, wireless, and industrial markets [5]. However, their use in space and avionic 
applications is constrained by their vulnerability to catastrophic failure and long-term degradation due to 
radiation exposure [6]. Although these device’s efficiency is extremely high, improvements are still required 
before they can be widely used in optoelectronic systems [7]. A deeper understanding of the device’s 
performance under challenging operating conditions is necessary to broaden applications into new fields [8]. 
For instance it is crucial to understand the radiation tolerance of electronics and the elements that affect this 
tolerance in space applications [9]. The impact of radiation on LED devices has generally been the subject of 
extensive investigation in recent years [10]. However, InGaN LEDs are yet to receive the special attention 
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they deserve. Although some research have shown that radiation can significantly degrade these devices’ 
functionality, other studies have shown that these devices are generally radiation hard [11]. Radiation effects 
on InGaN LED devices appear to depend on a variety of parameters, including the radiation’s type and 
intensity, the duration of exposure, the devices’ design and manufacture, and others [12]. 

GaN LEDs subjected to 2-MeV electrons and 70-MeV protons in [13] observe device characteristics 
degradation and restoration. The capacitance decreases after irradiation whereas the reverse current rises. 
LEDs were irradiated with electrons at 1000 and 1500 kGy [14]. Samples were evaluated for the capacitance 
and voltage characteristics both before and after irradiation. Reverse leakage current showed an increase after 
irradiation, but forward current and capacitance show drop. Wang et al. [15] investigated the deterioration of 
InGaN/GaN multiple quantum wells (MQWs) LEDs while being revealed to silicon ions. Radiation-induced 
bandgap flaws and the carrier removal effect have increased the threshold voltage and leakage current of 
LEDs. The effect of proton radiation on LEDs with wavelengths of 1050 nm and 1550 nm is examined by the 
authors in [8]. The results are contrasted with an AlGaAs double heterojunction LED. After radiation 
exposure, the long wavelength LED’s light output damage differed from that of the AlGaAs LED; greater 
damage was observed at lower forward currents. 

Lee et al. [16] investigate the effects of radiation on the material, GaN/InGaN was exposed 6 MeV 
electron irradiation. The drop in electroluminescence in LEDs under fluences exceeding 5x1015 cm? was 
directly related to the increased concentration of electron traps in the active multi-quantum-well area. Similar 
trends were observed in [17]. Boutillier et al. [18], it has been assessed how well LEDs resist displacement 
damage. Almost all the tested samples’ output power was sustained up to 2.5x1015 cm? (50 MeV). This 
hardening might be connected to the material selected for the active layer. Irom ef al. [19] shows that the 
phototransistor and LED of the Micropac 66296 optocoupler have proton damage. The results demonstrate 
that the optocoupler current transfer ratio (CTR) data is affected by the phototransistor gain. Analysing the 
test results reveals interesting data, such as how photocurrent and irradiation impact phototransistor gain. 

The effect of the optocoupler’s LED production process on reaction time was investigated by [20]. 
Amphoteric doped LEDs show shorter response times than heterostructure LEDs because the minority 
carriers have longer lifetimes. Simulation and modelling techniques can also be used to evaluate the 
dependability of these devices [21]—[23]. Irom et al. [24] shows proton damage to the phototransistor and 
LED of the Micropac 66179 optocoupler. The findings show that the gain explicitly depends on the 
irradiation amount in a significant way. Gamma deterioration was investigated in AlGaInP LEDs with 
wavelengths in the 590 nm region [25]. When exposed to rapid neutrons, protons, electrons, and gamma rays, 
all LEDs suffer from the same stages of degradation, according to a comparison of research results 
employing different semiconductor architectures. 

InGaN LEDs can emit over a wide range and are find applications in different spheres of life. The 
research that has been going on is often limited in scope and sometimes contradictory. All this makes the 
reliability testing of InGaN LEDs even more critical. Therefore, the main objective of this work is to 
demonstrate the effects of increasing doses of proton radiation on the electrical and optical properties of 
InGaN LEDs. This research will not only focus on the effects of radiation but also the origin of defect 
creation due to radiation. This work can help to better understand the mechanisms by which proton radiation 
degrades InGaN LEDs. Overall, the ramifications of this research on the effect of proton radiations on InGaN 
LEDs could be significant, both for the development of new applications for these LEDs and for the 
improvement of their radiation hardness. 


2. METHOD 

This research employs the methodology tried, tested, and verified by researchers in past. Pre and 
post irradiation characterization of semiconductor devices to analyze radiation degradation has been going on 
for the past few years [26], [27]. However, there is still a lot that is unknown about the effects of proton 
radiation on InGaN LEDs. This research will only focus on two samples of white InGaN LEDs. The samples 
that will be used are OVLAW4CB7 (OPTEK Technology) [28] and VLHW4100 (Visual Communication 
Company) [29]. Two devices from each model are chosen. Each model has its own specifications. Table 1 
provides further information on each model. 

The electrical characterization of the devices was done pre and post irradiation at the Microelectronics 
Laboratory, HUM, Gombak, Malaysia. Electrical characterization was done using the Keithley 4200 
semiconductor characterization system (SCS) measurement equipment. It is a versatile and high-precision tool 
used to test and analyze semiconductor devices. Keithley 4200 SCS allows to perform various electrical 
measurements on devices such as transistors, diodes, and integrated circuits. The system consists of a 
mainframe unit and various plug-in modules, each providing a specific measurement capability. These 
modules can be combined to create customized measurement set-ups for specific applications. The electrical 
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characteristics of the LEDs were obtained using this set-up. All the measurements were done in an 
atmospheric environment at a constant room temperature. 


Table 1. The LED specifications 


Model OVLAW4CB7 VLHW4100 
Manufacturer TT Electronics Vishay 
Material InGaN InGaN 
Reverse voltage 5V 5V 
Reverse current 10 uA 50 pA 
Forward voltage 4V 4V 
Forward current 20 15.3 


The optical measurements were performed with a HORIBA i320 electroluminescence set-up. The 
HORIBA i320 electroluminescence set-up is a high-performance tool characterizing photovoltaic devices as 
shown in Figure 1. In this research, the optical characterization of the LEDs was done by 
Electroluminescence. This technique involves applying a voltage to a device and measuring the resulting 
light emission. This provides valuable information about the performance and quality of the device. 

The samples were irradiated at the National Center of Physics, Islamabad. Two samples from each 
model were used. The irradiation was done in a vacuum atmosphere at room temperature with proton fluences 
of 1x10'* cm’, 3x10! cm? and an energy of 2 MeV. The proton beam is delivered in a vacuum environment, 
which reduces the effect of air scattering and allows for more precise measurements. The schematic diagram of 
the proton beam accelerator can be seen in Figure 2. S1 is the source named source of negative ions by cesium 
sputtering (SNICS). Hydrogen cathode is used for negative hydrogen ion/proton beam. There are beam profile 
monitors on both low energy side (labelled 01) and high energy side (02) for optimizing profile of beam. S2 
source is only for helium beam which is not relevant to this experiment. Post irradiation, the samples were kept 
at room temperature for almost a week, and then the electrical and optical measurements were repeated to 
estimate the radiation-induced degradation. Table 2 shows the samples and the respective fluences. 


Figure 1. Horiba i320 optical characterization set Figure 2. Schematic diagram of the proton beam 
up accelerator 


Table 2. The LED specifications 
Model Device Dose (cm?) 
OVLAW4CB7 Device 1 1x10! 
Device 2 3x10” 
VLHW4100 Device 1 1x10" 
Device 2 3x10! 


3. RESULTS AND DISCUSSION 

The outcomes of irradiating the samples are shown in this section. For every device in both versions, 
the forward and reverse IV characteristics as well as the CV characteristics have been provided. Plots of the 
IV and CV characteristics are semi-logarithmic. This section also includes a presentation of the optical 
characteristics. 


3.1. Forward IV characteristics 

Figure 3 shows the IV characteristics of OVLAW4CB7 after irradiating it with the first dose of 
1x10'* cm?. As seen in the figure, the recombination current, also known as the forward leakage current, 
shows no notablechange after irradiation. This figure is representative as the recombination shows no change 
even after radiating the device with a higher dose of 3x10!fcm?. In addition, the other model’s forward IV 
characteristics (VAOL-SLWY4) also show no changes after irradiation with both doses. This is because 
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forward biasing of the device involves injecting majority carriers into the material, which are not 
significantly affected by proton radiation. Therefore, the forward IV characteristics are relatively unaffected. 
Diffusion is the main factor controlling current for GaAs-based LEDs operating in a high injection domain. 
However, a separate mechanism known as “trap-assisted tunnelling” typically limits current transport in 
GaN-based LEDs. The lifespan-damaged relationship would then be irrelevant. The resilience of those LEDs 
to displacement consequences in the forward bias may also be explained by this theory [11]. 
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Figure 3. Forward IV characteristics of OVLAW4CB7 before and after the irradiation with dose 1x10'4 cm? 


3.2. Reverse IV characteristics 

Figures 4 and 5 show the reverse IV characteristics of both models. Figures 4(a) and (b) show the 
reverse current after dose 1x10'* cm? for OVLAW4CB7 and VAOL-5LWY4, respectively. Similarly, 
Figures 5(a) and (b) shows the reverse current after 3x10'* cm? for both models. In every instance, the 
reverse leakage current is rising. The radiation-induced flaws that cause gadget degradation are to blame for 
this. After irradiation, traps may appear in the bandgap and cause recombination and generation, increasing 
reverse leakage current [30]. Reverse biasing of the device involves the flow of minority carriers across the 
junction, and proton radiation can introduce defects and traps in the material that can capture and release 
these minority carriers. As a result, the reverse current in the device can increase after proton radiation, 
leading to changes in the reverse IV characteristics. The rise in the bulk density of traps is what is responsible 
for this increase in current. The radiation exposure and the LED sample had an impact on the degree of 
degradation. When the devices are irradiated with a higher fluence, the reverse leakage current becomes low 
compared to the reverse leakage current at a lower dose. This phenomenon is believed to rise due to the 
substantial compensation of the n-GaN cap layer [31]. Similar trends were seen in [32]. The Figures 4 and 5 
clearly depict an increase in reverse current post irradiation. This increase is typically predominant at lower 
voltages. The increase in the reverse leakage current after irradiation at some specific voltages has been 
calculated for both models in numerical form and can be seen in Table 3. 
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Figure 4. Reverse IV characteristics after dose 1x10'4 cm?; (a) OVLAW4CB7 and (b) VLHW4100 


As seen in the Table 3, the degradation is quite predominant for both models; however, the 
degradation in OVLAW4CB7 is more severe than in VAOL-5LWY4. Another interesting fact that can be 
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deduced from the results is that with the increase in dosage, the variation (increase) of the reverse current 
decreases. When the devices are irradiated with a higher fluence, the reverse leakage current becomes low 
compared to the reverse leakage current at a lower dose. Polyakov et al. [30] have seen an alike trend for the 
case of high doses. This situation is said to rise due to the substantial compensation of the n-GaN cap layer. 
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Figure 5. Reverse IV characteristics after dose 3x10!* cm”; (a) OVLAW4CB7 and (b) VLHW4100 


Table 3. The LED specifications 


Model Dose (cm) Increase in current at 5 V_ Increase in current at 10 V 
OVLAW4CB7 Device 1 12x 12x 
Device 2 18x 11x 
VLHW4100 Device 1 11x 1.3x 
Device 2 10x 1.7x 


3.3. CV characteristics 

Figure 6 shows the CV characteristics of OVLAW4CB7 after the irradiation with 1x10! cm?. As 
shown in Figure 6, the CV characteristics are unaffected for the device after irradiation. Even after irradiation 
with a higher fluence, the device’s CV characteristics remain unchanged. Similarly, the CV characteristics of 
VAOL-5LWY4 are also unchanged after irradiation. 
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Figure 6. CV characteristics of OVLAW4CB7 before and after the irradiation with dose 1x10! cm? 


3.4. Electroluminescence characteristics 

Figures 7(a) and (b) show the optical intensity of OVLAW4CB7 and VLHW4100 after irradiation 
with dose 1x10'4 cm” for different injection currents. Figures 8(a) and (b) show the devices’ optical intensity 
after dose 3x10! cm”. The figures reveal that the optical intensity increases after radiation for both devices. 
A possible mechanism for the increase in optical intensity is the introduction of radiative centres by oxygen 
after irradiation. Oxygen molecules are adsorbed onto the surface of AlGaN while annealing or can also be 
present as a dopant in the compound. The free-electron recombination from the extremely degenerate 
portions connected to this oxygen is said to be the cause of the increase in optical intensity [33]. Similar 
trends were found in [34] and the authors attributed it to a decrease in non-radiative recombination rates. 
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Another interesting result that can be noted is the increase in optical intensity with the increase in 
injection current. The intensity of the emitted light is directly proportional to the number of electron-hole pairs 
that recombine per unit of time, which is, in turn, proportional to the injection current. Thus, an increase in 
injection current causes a higher rate of electron-hole recombination and, therefore an increase in the optical 
intensity of the LED [35]. Despite the radiation-induced degradation seen in the INGaN LEDs, this behaviour 
might be helpful in some circumstances. For instance, the increased reverse current or optical intensity may be 
used in radiation detection or dosimetry systems to indicate the presence or level of radiation exposure. 
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Figure 7. Electroluminescence intensity before and after dose 1x10'4 cm”; for (a) OVLAW4CB7 and 
(b) VLHW4100 
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Figure 8. Electroluminescence intensity before and after dose 3x10'4 cm”; for (a) OVLAW4CB7 and 
(b) VLHW4100 


4. CONCLUSION 

This research studied the effect of proton radiation on Indium Gallium Nitride LEDs. The electrical 
and optical characteristics of the LEDs were compared before and after radiation. The results show that the 
reverse leakage current increases after radiation. This increase is ascribed to the traps and defects created due 
to radiation. In addition to the leakage current, the optical intensity also increases. The increase in optical 
intensity is caused by the oxygen related defects that are only optically active. However, the forward current 
and capacitance of the devices show no major changes. This is because the majority carriers are not 
significantly affected by the radiation. The degrading characteristics presented in the current study might help 
engineers make well-informed choices while using electrical devices based on GaN in hostile environments 
or open areas. However, the impact of radiation on InGaN LED devices appears to be complicated and 
influenced by several variables. More research is required in future to comprehend the detailed mechanisms 
underlying this effect and create tactics for enhancing these devices’ radiation tolerance. 
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